Cell cycle regulation in mouse heart during embryonic and postnatal stages.
The regulation of cardiomyocyte proliferation is important for heart development and function. Proliferation levels of mouse cardiomyocytes are high during early embryogenesis and start to decrease at midgestation. Many cardiomyocytes undergo mitosis without cytokinesis, resulting in binucleated cardiomyocytes during early postnatal stages, following which the cell cycle arrests irreversibly. It remains unknown how the proliferation pattern is regulated, and how the irreversible cell cycle arrest occurs. To clarify the mechanisms, fundamental information about cell cycle regulators in cardiomyocytes and cell cycle patterns during embryonic and postnatal stages is necessary. Here, we show that the expression, complex formation, and activity of main cyclins and cyclin-dependent kinases (CDKs) changed in a synchronous manner during embryonic and postnatal stages. These levels decreased from midgestation to birth, and then showed one wave in which the peak was around postnatal day 5. Detailed analysis of the complexes suggested that CDK activities were inhibited before the protein levels decreased. Analysis of DNA content distribution patterns in mono- and binucleated cardiomyocytes after birth revealed changes in cell cycle distribution patterns and the transition from mono- to binucleated cells. These analyses indicated that the wave of cell cycle regulator expression or activities during postnatal stages mainly produced binucleated cells from mononucleated cells. The data obtained should provide a basis for the analysis of cell cycle regulation in cardiomyocytes during embryonic and postnatal stages.